SARS-CoV-2 virus is a new virus that first appeared in 2019, in Wuhan, China, frequently causing fevers, coughs, diarrhea, fatigue, and numerous deaths (Mao et al. [@CR8]). The SARS-CoV-2 virus matches approximately 80% of the genome of the Severe Acute Respiratory Symptom (SARS) virus, which originated from a bat virus (Ye et al. [@CR14]). Symptoms of Kawasaki disease in general or incomplete Kawasaki disease have been seen in some pediatric patients having a current or previous SARS-CoV-2 infection (Jankowicz [@CR4]; Jones et al. [@CR6]; McCrindle et al. [@CR10]; Maggio and Corsello [@CR7]). Kawasaki disease in general, incomplete (atypical) Kawasaki disease and Kawasaki disease symptoms (also known as multisystem inflammatory syndrome) seen in some pediatric patients after SARS-CoV-2 viral infections can be the result of virus infections having high replication rates, such as SARS-CoV-2 virus, creating uncleared antigen--antibody immune complexes and type III hypersensitivity immune reaction symptoms, as further discussed below.

The most dangerous Kawasaki disease symptoms include coronary artery inflammation and frequent coronary artery aneurysms. Other Kawasaki disease symptoms include systemic inflammation of arteries, organs, and tissues, which can cause several symptoms: hepatitis---liver inflammation frequently with abdominal pain; lung interstitial pneumonitis---tissue scarring surrounding the lung alveoli; gastrointestinal tract---abdominal pain, vomiting, and diarrhea; aseptic meningitis---brain membrane inflammations; myocarditis---heart muscle inflammation; pericarditis---heart tissue sac inflammation; valvulitis---heart valve inflammation; urinary tract pyuria---urinary pus; pancreatitis---pancreatic inflammation; and lymph-node enlargement (McCrindle et al. [@CR10]).

Kawasaki disease is diagnosed after 5 or more days of fever and the presence of at least four of the five principal symptoms: (1) erythema (skin redness), cracking of lips and a strawberry tongue; (2) a dry conjunctivitis; (3) rashes; (4) erythema and edema (swelling) of hands and feet; and (5) multiple cervical neck lymph-node enlargements (McCrindle et al. [@CR10]). If four or more of these principal symptoms appear, particularly with redness and swelling of the hands and feet, a diagnosis requires only 4 days of fever, but the principal symptoms may not all be simultaneously seen (McCrindle et al. [@CR10]). Incomplete Kawasaki disease shows fewer symptoms (Maggio and Corsello [@CR7]). Similarly, some symptoms may moderate in patients after 1--2 weeks of fever, which is typically remittent and spiking (more than 39--40 °C); and without appropriate treatment, fever can continue for 1--3 weeks (McCrindle et al. [@CR10]). However, a quick termination of fever after 7 days does not exclude Kawasaki disease (McCrindle et al. [@CR10]).

There are distinctive Kawasaki disease symptoms in the hands and feet, including erythema of palm and soles with painful hardening of the hands or feet often occurring; and finger and toe desquamation (outer skin layer shedding) usually begins within 2--3 weeks after fever onset, possibly including the palms and soles (McCrindle et al. [@CR10]).

An erythematous rash (red skin from inflammation) typically appears within 5 days from the start of fever; and this is usually a diffuse maculo-papular rash (raised lesions are frequent in pediatric viral infections), with a red skin rash with bumps and erythema multiforme-like rashes (also seen in IgM immune complex depositions); and the rash is typically widespread on the trunk, extremities, and groin with an early desquamation (McCrindle et al. [@CR10]).

Conjunctivitis (pink in the white sclera of the eyes) is a frequent inflammation symptom resulting from viral or bacteria infections, and usually begins after the fever; and anterior uveitis (inflammation of the middle layer of the eyes) is another symptom often seen during the first week of fever (McCrindle et al. [@CR10]).

Symptoms seen on the lips and oral cavity include (1) erythema (skin redness), dryness, peeling, fissuring, cracking, and bleeding of the lips; (2) a "strawberry tongue," with erythema and noticeable mushroom-shaped papillae; and (3) widespread erythema in the oropharyngeal mucosa (McCrindle et al. [@CR10]). Enlarged lymph nodes are the less often seen principal symptom. Lymph-node swelling is usually on one side of the neck, with diameters equal to or greater than 1.5 cm (McCrindle et al. [@CR10]).

It should be noted that most Kawasaki disease symptoms previously listed can come from a pervasive and systemic inflammation created by a type III hypersensitivity reaction of the immune system (Agarwal et al. [@CR1]; Punt et al. [@CR12]). Below is a discussion of how type III hypersensitivity reactions could result from some viruses that infect a large surface area of tissue with a high replication rate, such as SARS-CoV-2.

Several bat viruses have high replication rates in infected cells after transmission to secondary species, such as viruses that evolved their replication traits during their infections of bats and thus had their viral replication processes sculpted by bat immune system responses (Brook et al. [@CR3]). A discussion of why bat viruses can replicate quickly in human cells is provided in another paper (Roe [@CR13]).

Individual immune systems can differ by age, health, and genome in their production speed and quantity of interferons, NK cells, T cells, and antibodies that they will mobilize against bat virus infections. A feeble antiviral NK-cell and T-cell response to SARS-CoV-2 has been widely seen in several patients (Pavlovich et al. [@CR11]; Zhang et al. [@CR15]). Antibodies will be the remaining antiviral defense (Jazayeri and Poh [@CR5]). The main step would be antibodies from B-2 or B-1 cells (mostly IgM, with some IgG or IgA antibodies) targeting viral antigens and making antigen--antibody immune complexes (Agarwal et al. [@CR1]; Punt et al. [@CR12]). Antigen--antibody immune complexes are tagged for phagocytic elimination by a normal complement system and asymptomatically cleared by phagocytes in a normal spleen or liver, but if an individual's immune system cannot quickly eliminate them, they can induce several type III hypersensitivity symptoms, including fever, inflammation, microvascular thrombosis (microvascular blood clots), glomerulonephritis, vasculitis, rashes, vascular purpura, joint pain, etc. (Agarwal et al. [@CR1]; Punt et al. [@CR12]).

Uncleared antigen--antibody immune complexes can activate receptors of mast cells, neutrophils, and macrophages, initiating the release of several inflammatory cytokines and increasing blood vessel permeability, allowing antigen--antibody immune complexes to pass through capillary walls to deposit in tissues (Punt et al. [@CR12]). This creates tissue inflammation and activates the complement system, resulting in releases of anaphylatoxin chemokines C3a and C5a that will attract neutrophils and macrophages for degranulation to secrete more proinflammatory chemokines, cytokines, proteases, and prostaglandins (Roe [@CR13]). Proteases can destroy epithelium, mesothelium, and endothelium basement membrane proteins including elastin and collagen, essential to lungs and blood vessels throughout the body\'s organs, skin and other luminal tissues, and even attack cartilage, causing joint pain (Punt et al. [@CR12]). Symptoms of antigen--antibody immune complex induced inflammation have appeared in several patients infected by SARS-CoV-2, such as inflammatory cytokines, vasculitis, microvascular thrombosis, and spleen and lymph-node destruction (Zhang et al. [@CR15]). A summary of the steps creating Kawasaki disease symptoms is shown in Table [1](#Tab1){ref-type="table"}.Table 1Summary of the steps creating Kawasaki disease symptoms1. Infection of host with a high replication rate virus, such as SARS-CoV-22. Failure of the innate immune system to control the virus replication3. Adaptive immune system produces antibodies to neutralize the virus4. Large numbers of antigen--antibody immune complexes are created5. Host is unable to quickly eliminate antigen--antibody immune complexes6. Antigen--antibody immune complexes activate receptors of mast cells, neutrophils, and macrophages, initiating release of inflammatory cytokines and increasing blood vessel permeability---this is the beginning of a Type III hypersensitivity reaction7. Antigen--antibody immune complexes deposit in capillary tissues, causing inflammation8. Tissue inflammation activates the complement system, resulting in releases of anaphylatoxin chemokines C3a and C5a9. C3a and C5a attract neutrophils and macrophages for degranulation to secrete more proinflammatory chemokines, cytokines, proteases, and prostaglandins10. Proteases destroy epithelium, mesothelium, and endothelium basement membrane proteins including collagen and elastin, essential to lungs and blood vessels throughout the body\'s organs, skin and other luminal tissues, and attack cartilage, causing joint pain

In some cases, the first wave of protease attacks on the epithelium, mesothelium, and endothelium basement membranes could result in new immunogenic antigens, which can eventually create new autoantibodies (McAdoo and Pusey [@CR9]). These autoantibodies could create secondary antigen--antibody immune complexes that, if uncleared, due to inadequacies of the spleen, liver, or complement system, would result in secondary type III hypersensitivity immune reactions and Kawasaki disease symptoms after the original SARS-CoV-2 infection had ended (Bajic et al. [@CR2]; Punt et al. [@CR12]).

Antigen--antibody immune complexes and eventual protease release can result from antibodies targeting viral antigens created during the viral budding stage of endothelial cells of blood vessels infected by SARS-CoV-2 virus; therefore, viral infections of endothelial cells could contribute to a type III hypersenstivity reaction and Kawasaki disease symptoms in a subset of pediatric patients having SARS-CoV-2 (Punt et al. [@CR12]; Zhang et al. [@CR15]; Roe [@CR13]).

In conclusion, a virus that can infect a large surface area of tissue with a high replication rate, similar to SARS-CoV-2, can create extensive antigen--antibody immune complexes that cannot be quickly eliminated (phagocytized) in a subset of immunodeficient patients and, thus, create a type III hypersensitivity immune reaction and cause Kawasaki disease; or cause Kawasaki disease symptoms in a subset of patients infected with SARS-CoV-2 virus. This can include protease releases that can disrupt luminal tissue epithelium, mesothelium, and endothelium basement membranes, and destroy elastin, collagen, and cartilage, and create pervasive inflammation throughout the body. Kawasaki disease, incomplete Kawasaki disease, or Kawasaki disease symptoms can result in some pediatric patients being unable to avoid a type III hypersensitivity reaction. This could continue after SARS-CoV-2 infections if the first wave of protease attacks on basement membranes created new autoantibodies and new uncleared antigen--antibody immune complexes. In summary, Kawasaki disease results if some pediatric patients have certain virus infections and have immunodeficiencies with slow or weak mobilizations of interferons, NK cells, and T cells to suppress viral replication, and thus depend on antibodies, while lacking the ability to quickly eliminate the extensive antigen--antibody immune complexes that are created.
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